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This report describes a 23 year old woman with a lifelong 
history of permanent junctional reciprocating tachycar•
dia refractory to conventional antiarrhythmic medica•
tions who was successfully treated with closed chest, 
transvenous selective ablation of a posteroseptal bypass 
tract. Two 100 J (stored) direct-current shocks were 
delivered to the region of the os of the coronary sinus 
using a quadripolar catheter positioned in the coronary 
Closed chest catheter ablation of the atrioventricular (A V) 
conduction system is a new technique employed in the treat•
ment of supraventricular tachyarrhythmias refractory to 
pharmacologic therapy (I-II). Originally described as a 
means of interrupting the A V node-His bundle conduction 
pathway, the technique has recently been extended to the 
ablation of accessory pathways (9-11). To date, the reported 
cases of attempted ablation of bypass tracts have included 
patients with Wolff-Parkinson-White syndrome involving 
posteroseptal and left-sided bypass tracts (9, 10) and a patient 
with a concealed posteroseptal accessory pathway (II). 
A rare form of an incessant reciprocating supraventricular 
tachycardia utilizing a concealed accessory pathway with 
unusual electrophysiologic properties has been labeled 
"permanent junctional reciprocating tachycardia" (12). 
Characteristic electrocardiographic features of this tachy•
cardia include inverted retrograde P waves (P') in leads II, 
III and a VF, long retrograde conduction time in a concealed 
accessory pathway that is manifested on the surface elec•
trocardiogram by a long RP' interval and a relatively short 
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sinus. At a 2 month follow-up interval, the patient is 
asymptomatic without recurrence of the tachycardia. It 
is concluded that in patients with permanent junctional 
reciprocating tachycardia, selective catheter ablation of 
a posteroseptal accessory pathway is a feasible alter•
native to a difficult pharmacologic regimen or to ablative 
surgery. 
(J Am Coli CardioI1985;6:1167-71) 
P'R interval (the RP' /PR ratio usually ranged from 0.50 to 
0.75) (7). The onset of the tachycardia usually occurs after 
spontaneous acceleration of the atrial rate beyond a "crit•
ical" rate (which is unique for each patient) and requires 
neither a premature beat nor PR interval prolongation (7,8,12). 
This form of tachycardia is frequently found in infants and 
children and is difficult to control with conventional phar•
macologic therapy. 
Nonpharmacologic approaches to this troublesome tachy•
cardia have included closely coupled dual-chamber A V pac•
ing (12), surgical interruption of the A V node-His bundle 
conduction pathway (13), surgical ablation of the septal 
accessory pathway that serves as the retrograde limb of this 
tachycardia (7) and closed chest catheter ablation of the A V 
node-His bundle conduction pathway (7). We have recently 
utilized the closed chest transvenous catheter technique for 
ablating the accessory pathway of a patient with this "per•
manent" form of reciprocating supraventricular tachycar•
dia. A description of this case serves as the subject of our 
report. 
Case Report 
Clinical data. A 23 year old woman with a lifelong 
history of rapid heart rate was referred to our medical center 
for further evaluation. Supraventricular tachycardia had first 
been recorded at the age of 10 months when a diagnosis of 
"cardiomyopathy" was made. Conventional pharmacologic 
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therapy was intermittently attempted and proved to be either 
ineffective (digoxin, propranolol and procainamide) or 
produced toxic side effects (thrombocytopenia resulting from 
q4inidine administration). Because of troublesome palpi•
tation and light-headedness, the patient agreed to undergo 
an invasive e1ectrophysiologic evaluation. 
The physical examination revealed normal development 
ane! no cardiovascular abnormalities. The electrocardiogram 
(Fig. I) showed a supraventricular tachycardia with a ven•
triqIlarrate ranging from 140 to 160 beats/min. During the 
episodes of tachycardia, a retrograde P' wave was inverted 
in the inferior leads and showed a P'R interval shorter than 
the RP' interval (P'R/RP' ratio = 0.4). Rare isolated sinus 
rhythm beats were invariably followed by the immediate 
resumption of the tachycardia so that a critical shortening 
in ~he atrial cycle length could not be demonstrated before 
the onset of the tachycardia. 
Electrophysiologic studies. At electrophysiologic test•
ing, performed on October 10, 1984, the following obser•
vations were made: An incessant tachycardia with a cycle 
length of 430 to 600 ms was present during the entire study. 
The AV nodal conduction time (AH interval) was 70 ms 
and the infranodal conduction time (HV interval) was 40 
ms; these values were similar during tachycardia and during 
normal sinus rhythm. Activation sequence mapping of the 
right and left atria was performed during the episodes of 
tachycardia with left atrial recordings obtained from a cath•
eter positioned in the coronary sinus. The earliest retrograde 
atrial electrogram was recorded from the os of the coronary 
sinus with a ventriculoatrial (V A) interval of 300 ms (Fig. 
2), suggesting the presence of a posteroseptal accessory VA 
pathway with a long VA conduction time. An anterograde 
Figure 1. Electrocardiogram during incessant supraventricular 
tachycardia. Note the inverted P' waves in leads II, III and ayF 
and the long RP' intervals. 
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conduction curve could not be constructed because of the 
incessant nature of the tachycardia. However, no anomalous 
anterograde conduction was elicited with right atrial or 
coronary sinus pacing. During ventricular pacing, the atrial 
activation sequence was identical to the sequence recorded 
during tachycardia. With the addition of premature ventric•
ular extrastimuli, decremental conduction in the accessory 
pathway was recorded. 
The reentrant (reciprocating) nature of the tachycardia 
was suggested by the observation that premature atrial as 
well as ventricular extrastimuli readily terminated the tachy•
cardia; after a single beat of normal sinus rhythm, the tachy•
cardia invariably resumed. Further evidence that reentry was 
the underlying mechanism of the tachycardia was provided 
by transient entrainment of the tachycardia during ventric•
ular pacing, manifested by: I) shortening of the tachycardia 
cycle length to the ventricular paced cycle length, and 2) 
after termination of ventricular pacing, shortening of the 
first atrial cycle length to a valfle lower than that of the 
mean tachycardia cycle length (14,15) (Fig. 3). Although 
neither of these findings, when considered separately, can 
be said to provide irrefutable proof of the reentrant nature 
of this tachycardia, the combination of the two is compelling 
evidence in favor of this mechanism. 
Confirmation that the retrograde limb of the reciprocat•
ing tachycardia was, in fact, an accessory pathway is il•
lustrated in Figure 4. During tachycardia, a premature ex•
trastimulus was delivered into the right ventricular apex at 
a time when the His bundle was refractory; atrial activation 
was advanced by 30 ms without a change in the atrial ac•
tivation sequence, suggesting retrograde conduction over a 
posteroseptal accessory pqthway and a lower junction of the 
reentrant circuit located in or below the bundle of His (12,16). 
The patient was then presented with several therapeutic 
alternatives, including another attempt at pharmacologic 
therapy (amiodarone), catheter ablation of the bypass tract 
(or of the A V node-His bundle conduction system if ablation 
of the accessory pathway was not successful) or surgical 
resection of the bypass tract. The patient chose amiodarone 
therapy and was discharged on a maintenance dose of 400 
mg/day. During the following 3 months the tachycardia was 
reasonably well controlled on this regimen. However, the 
patient encountered significant drug side effects and was 
unwilling to continue drug therapy despite a lowering of the 
drug dose. She was therefore readmitted to the hospital on 
January 15, 1985, several weeks after discontinuing 
amiodarone. 
Catheter ablation of the bypass tract. On readmission 
the patient's electrocardiogram showed the predominant 
rhythm to be the supraventricular tachycardia with occa•
sional clusters of normal sinus rhythm beats. The rate of 
the tachycardia and the P wave configuration were un•
changed from the first admission (Fig. 1). After giving in•
formed consent, the patient was taken to the electrophys-
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Figure 2. Endocardial mapping during tachycar•
dia. Surface electrocardiographic leads I, aVF and 
V 1 are displayed, along with intracardiac leads from 
the high right atrium (HRA), His bundle region 
(HBE), proximal and distal coronary sinus (CSp and 
CSD, respectively) and right ventricular apex (RV A). 
Earliest retrograde atrial (A') excitation is recorded 
in the proximal coronary sinus with a ventriculo•
atrial (VA') time of 300 ms. H = His bundle 
potential. 
Figure 3. Entrainment of supraventricular tachy•
cardia during right ventricular pacing. Surface 
electrocardiographic and endocardial leads as in 
Figure 2. During ventricular pacing at 375 ms, the 
atrial rate assumes the ventricular pacing rate. On 
termination of pacing, the first postpacing cycle 
length is 385 ms, that is, significantly shorter than 
the tachycardia rate. Subsequent cycle lengths show 
a resumption of the basic tachycardia rate. Atrial 
activation sequence remains the same during ven•
tricular pacing and tachycardia. S = stimulus ar•
tifact; other abbreviations as in Figure 2. 
Figure 4. Premature stimulation of the atrium dur•
ing His bundle refractoriness. Surface and endo•
cardial leads as in Figure 2. During tachycardia, a 
right ventricular extrastimulus (S) is delivered im•
mediately after the inscription of the His bundle 
potential (H) on the His bundle electrogram (HBE). 
Atrial activation is advanced by 30 ms without a 
change in atrial activation sequence. Abbreviations 
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Figure 5. Administration of direct-current (DC) 
shock during supraventricular tachycardia. Surface 
leads I, a VF and V I are displayed along with an 
aortic (Ao) blood pressure tracing. A synchronized 
shock of 100 J is followed within 2 seconds by a 
stable junctional rhythm. 
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iology laboratory on January 16, 1985. A 6F quadripolar 
catheter (USCI) with a 1.0 cm interelectrode distance was 
ins~rted through a left antecubital vein cutdown and posi•
tioned in the coronary sinus under fluoroscopic control. The 
most proximal (fourth) electrode was positioned just outside 
the os of the coronary sinus. A 6F quadripolar catheter was 
also positioned in the apex of the right ventricle and a 5F 
cannula was inserted into the left femoral artery for blood 
pressure monitoring. Arteriography of the left and right 
coronary arteries was then performed for two reasons: I) to 
confirm the position of the electrodes in relation to the 
coronary sinus, that is, that the third and fourth electrodes 
were on each side of the os of the coronary sinus, and 2) 
to ascertain that a large coronary artery was not in close 
proximity to the intended site of delivery of electrical energy 
(that is, the os of the coronary sinus). After premedication 
with nifedipine, 10 mg sublingually, and initiation of a 
continuous infusion of nitroglycerin, 5 JLg/min, the patient 
was anesthetized with hexobarbital (60 mg). A 100 J (stored) 
synchronized pulse was delivered between the third pole of 
the coronary sinus catheter and a posterior 16 cm patch 
electrode (R-2 Corporation) serving as the anode, using a 
standard defibrillator (Physio-Control) (Fig. 5). Immedi•
atel y after delivery of the direct-current shock, a brief period 
of junctional rhythm at a rate of approximately 60/min was 
recorded; within 63 seconds of the shock, a stable sinus 
rhythm was recorded. Five minutes later, a second electrical 
discharge of 100 J was delivered, using the proximal two 
electrodes as a common cathode and the external posterior 
patch as the anode. The patient again had a stable junctional 
rhythm that reverted to normal sinus rhythm within 50 sec•
onds of the second electric shock. 
Electrophysiologic testing was repeated and failed to 
demonstrate the presence of anterograde or retrograde pre•
excitation. During right ventricular pacing, earliest retro•
grade atrial activation was recorded at a low medial right 
atrial recording site, followed by activation of the proximal 
coronary sinus region-an activation sequence distinctly 
different from that recorded during the baseline electro•
physiologic study (Fig. 2). Programmed stimulation of both 
atria and of the right ventricle failed to induce a supraven•
tricular tachycardia. 
Serial electrocardiograms were performed for 36 hours 
after delivery of the shocks and showed normal sinus rhythm 
with a short PR interval of 116 ms without signs of pre•
excitation or of myocardial infarction (Fig. 6). Serial de•
terminations of serum isoenzymes of creatine kinase and 
lactic dehydrogenase revealed a peak of 306 IU/liter (16% 
MB fraction) of the former and 211 IU/liter of the latter 
enzyme, both occurring within 24 hours of the shocks. A 
two-dimensional echocardiogram showed no pericardial ef•
fusion. A gated radionuclide angiographic study described 
a normal right ventricle with "mild hypokinesis of the an•
terior wall of the left ventricle" and a left ventricular ejec•
tion fraction of 45 to 50%. The patieht was discharged on 
Figure 6. Electrocardiogram performed 2 days after catheter abla•
tion of the accessory pathway. Surface leads as in Figure I. 
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January 18, 1985, 2 days after bypass tract ablation, fully 
ambulatory and with normal sinus rhythm. 
At a 2 month follow-up examination, the patient was 
asymptomatic without a recurrence of the tachycardia. A 
24 hour ambulatory electrocardiogram showed normal sinus 
rhythm with appropriate sinus tachycardia during exercise. 
Discussion 
Catheter ablation of A V node-bundle of His path•
way. Therapy of the rare supraventricular tachycardia de•
scribed in this case, permanent junctional reciprocating 
tachycardia, has until recently been difficult because of the 
characteristic recalcitrance of this tachycardia to medical 
therapy (12). Early attempts at surgical therapy were di•
rected toward disrupting the anterograde limb of this tachy•
cardia, that is, the A V node-His bundle conduction pathway 
(13). More recently, the surgeon's attention has turned to 
the retrograde limb of this tachycardia, and surgical division 
of a posteroseptal accessory pathway has been reported (7). 
With the introduction of the closed chest catheter ablative 
technique, several patients with this form of supraventricular 
tachycardia have had direct-current countershock applied to 
the AV node-His bundle region (4,5,7,8). The success rate 
of this procedure when applied to this region is not available 
(the report of the Registry does not correlate success rate 
with type of tachycardia). From the few available case re•
ports, it appears that catheter ablation of the A V node-His 
bundle pathway, although difficult, may either abolish or 
modify conduction along this pathway and thereby signif•
icantly facilitate treatment of this tachycardia (5,7,8). 
Catheter ablation of accessory pathway (retrograde 
limb). In this report we describe the application of the 
catheter ablation technique to the retrograde limb of an 
incessant reciprocating tachycardia. Catheter ablation of the 
accessory pathway offers several advantages over interrup•
tion of the A V node-His bundle pathway: I) it obviates the 
need to implant a permanent pacemaker, and 2) it eliminates 
the potential risk of anterograde conduction over the bypass 
tract, which has been reported to occur after His bundle 
ablation (5). Although anterograde conduction in such a tract 
is likely to be slow, exercise or changes in autonomic tone 
might allow for accelerated impulse conduction during atrial 
fibrillation (17). The advantages of an effective closed chest 
procedure over an equally effective surgical approach are 
obvious. However, whether or not the success rates of both 
techniques are comparable remains to be proved. Although 
a preliminary report (18) suggests that catheter ablation of 
the bypass tracts in permanent junctional reciprocating tachy•
cardias is particularly difficult (in none of three patients with 
this rhythm was selective ablation of the pathway achieved), 
our results constitute the first report of the successful ap•
plication of the procedure in this rhythm disorder. 
We conclude that in permanent junctional reciprocating 
tachycardia, selective closed chest catheter ablation of a 
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posteroseptal accessory pathway is a feasible, cost-effective 
therapeutic alternative. 
We gratefully acknowledge Simon Solingen for the design and modification 
of the defibrillator paddles. We also thank Cassandra Evans and Lance 
Laforteza for their expert help in the preparation of the figures. 
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